To determine the taxonomic identities and the systematic positions of some collections of Lindsaea sect. Synaphlebium (Lindsaeaceae) from Papua New Guinea, we conducted morphological comparisons and phylogenetic analyses on the whole section. A total of 22 morphological characters were selected and coded for each of all known taxa in L. sect. Synaphlebium, and were analyzed using maximum parsimony. The datasets containing either of or combined two plastid DNA sequences (trnL-trnF spacer and trnH-psbA spacer) of 37 taxa were analyzed using maximum parsimony, maximum likelihood, and Bayesian inference. Morphological comparisons revealed two new species which are formally published here as L. subobscura and L. novoguineensis. Lindsaea subobscura is similar to sympatric L. obscura and L. modesta but differs in the obviously reduced upper pinnules and other characters. Lindsaea novoguineensis is most similar to L. pacifica from Melanesia but differs in having rhomboid pinnules with truncate apices and concave soral receptacles. Molecular analyses resolved L. sect. Synaphlebium and allied species into five wellsupported clades, namely L. rigida clade, L. obtusa clade, L. pulchella clade, L. multisora clade, and L. cultrata clade. The new species L. novoguineensis is included in L. obtusa clade; L. subobscura is in L. pulchella clade; whereas the majority of L. sect. Synaphlebium is clustered in L. cultrata clade. As the section Synaphlebium sensu Kramer is strongly suggested as polyphyletic, we propose the concept of a monophyletic L. sect. Synaphlebium in a broad sense that comprises five lineages. The morphological circumscription of L. sect. Synaphlebium sensu lato and the divergence in morphology, habit, and distribution between the five lineages are briefly discussed. Further molecular study is needed to test the systematic positions of 16 other species which are supposed to be within L. sect. Synaphlebium sensu lato but have not been included in this and previous molecular analyses.
Introduction
Lindsaea Dryand. ex Sm. is a pantropical genus, with ca. 150 species mostly in seasonally moist or everwet, often submontane forests [1] . It is taxonomically well studied since Kramer [2] [3] [4] [5] [6] [7] [8] [9] [10] had provided a series of revisions for regions covering the whole distribution range of this genus. The diagnostic characteristics for Lindsaea mainly include 1) stems bearing some (never copious) narrow, basally attached scales, 2) fronds mostly with dimidiate pinnules, 3) veins free, or in some cases, anastomosing and without free veinlets included in areoles, 4) sori marginal or submarginal, and 5) indusia usually linear, parallel to and opening towards the margin. Two subgenera, i.e., terrestrial Lindsaea and epiphytic Odontoloma (Hook.) K.U. Kramer, and 21 sections under the genus had been recognized by Kramer [2] [3] [4] [5] [6] [7] [8] [9] [10] . Lindsaea and its closely allied genera, traditionally including Odontosoria Fée, Ormoloma Maxon, Sphenomeris Maxon, Tapeinidium (C. Presl) C. Chr., and Xyropteris K.U. Kramer, are treated as a tribe or a subfamily under Dennstaedtiaceae [1, 11] or accepted as a separate family, namely Lindsaeaceae [12, 13] . Molecular evidence, however, suggests the affinity of Lindsaea group not to dennstaedtioids but to Saccoloma Kaulf. (Saccolomaceae), and supports the treatment of lindsaeoids as a separate family which, together with Saccolomaceae, forms a sister clade to the remaining Polypods [14, 15, 16, 17] . Lehtonen et al. [17] reconstructed the phylogeny of Lindsaeaceae based on a rather wide sampling and five regions of plastid DNA. The traditional Lindsaea, by excluding ca. five species [now placed in Osmolindsaea (K.U. Kramer) Lehtonen & Christenh. or Nesolindsaea Lehtonen & Christenh.] , was strongly suggested to be a natural group and was inferred to include 13 lineages. The two subgenera (Lindsaea and Odontoloma) and most sections proposed by Kramer within Lindsaea were not supported to be monophyletic [17] .
New Guinea, as a joint between the Malesian flora, Melanesian flora, and Australian flora, is well known for its immense biodiversity. During a collecting trip to Wagau, central Morobe Province, Papua New Guinea in December 2013, we collected some interesting ferns. Among them were taxa in the genus Lindsaea, represented by the collection Dong 4016 and the Dong 4046, but their identities remain uncertain. Both collections can be readily recognized as members of L. sect. Synaphlebium [5, 7] because they are terrestrial plants, having dimidiate pinnules and anastomosing veins. According to Kramer [6, 7, 8, 9, 18] and Lehtonen et al. [19] there are a total of 23 species currently known in L. sect. Synaphlebium, of which 16 occur in Malesia (including New Guinea) [7] . Dong 4016 is morphologically similar to L. obscura Brause and L. modesta K.U. Kramer, two endemic species in New Guinea, but apparently different in the shape of pinnules and other characters. Dong 4046, on the other hand, is morphologically not similar to any known species in Malesia but somewhat similar to L. pacifica K.U. Kramer from Melanesia. To determine the true identities of the two collections, we conducted detailed comparisons of morphology as well as phylogenetic analyses of plastid DNA sequences between the two collections and all known species with dimidiate pinnules and anastomosing veins.
Materials and Methods

Morphological study
The local field trip was supported by PNG Forest Research Institute. The two new species in question were found in the field of Wagau, a private land in Morobe Province, Papua New Guinea. Access permission from the land owner was obtained prior to entering the private land. A total of 1169 herbarium specimens of Lindsaea at IBSC, LAE, and PE representing 48 species, as well as the type specimens of all species belonging to L. sect. Synaphlebium in various herbaria (mainly in B, BM, BO, K, L, MICH, and P) were carefully studied. In addition to the 23 species known in L. sect. Synaphlebium, three other species, namely, L. pulchella var. lomatosora Kramer, L. rigida J. Sm., and L. werneri Rosenst., also with anastomosing veins and dimidiate pinnules but were grouped into the epiphytic L. subgen. Odontoloma by Kramer [7] were included in the morphological study. To ensure that our understanding of species are correct, we checked the nomenclatural type of all species involved in the present study. A total of 22 morphological characters, most of which have been widely used to identify sections within Lindsaea or distinguish species within sections by Kramer [5, 7] , were selected to compare new collections and all the known 26 taxa with anastomosing veins and dimidiate pinnules. The states of the 22 characters were determined and numerically coded generally based on herbarium specimens, with reference to the description and/or illustrations provided by various authors [6, 7, 19, 20] . Descriptive terms, as 'pinnule' exclusively refers to the ultimate free division of lamina regardless of the branching order on lamina, are in accordance with the terminology used by Kramer [2, 5, 7] . The distribution information of species is from the literature [2] [3] [4] [5] [6] [7] [8] [9] [10] 21. Sori location-(0) marginal: reaching the margin of lobes or the distance to the margin less than the width of indusia, (1) submarginal: the distance to the margin of lobes distinctly more than the width of indusia.
22. Receptacles of sori-(0) convex, (1) straight or nearly so, (2) concave.
To identify the morphologically similar species with the two unknown collections, we conducted maximum parsimony (MP) analyses of the morphological matrix using PAUP Ã Version 4.0d100 [21] , with characters treated as unordered and equally weighted, and gaps as missing data. Trees were constructed with heuristic searches using 1,000 replicates of random stepwise addition and tree bisection and reconnection (TBR) branch swapping for parsimony criterion.
Molecular phylogeny
Taxon sampling and molecular markers. The phylogenetic analyses in this study are based on the study conducted by Lehtonen et al. [17] who had reconstructed the phylogeny of the whole family Lindsaeaceae based on five regions of plastid DNA (rpoC1, rps4, trnL-trnF spacer, rps4-trnS spacer, and trnH-psbA spacer). This study is focused on the clade VI of Lindsaea in Lehtonen et al. [17] in which all sampled species with anastomosing veins and dimidiate pinnules were assembled. Hence all the 33 samples assembled in the clade VI of Lindsaea [17] are included in this study plus the three samples recently collected from Papua New Guinea, namely L. obtusa (Dong 3960), Dong 4016, and Dong 4046. Lindsaea pectinata was used as outgroup in our analyses as it was resolved in Clade V, being sister to Clade VI in the study of Lehtonen et al. [17] . Two plastid intergenic spacers, trnL-trnF and trnH-psbA, are herein selected to infer the phylogenetic position of the unknown taxa, since only the two markers are available for each of the 33 samples belonging to the clade VI of Lindsaea [17] .
DNA extraction, amplification, and sequencing. The sequences of trnL-trnF intergenic spacer and trnH-psbA intergenic spacer for the three new collections were newly generated. For each sample the total DNA was extracted from leaf fragments preserved in silica gel using the CTAB method [22, 23] . The trnL-trnF spacer was amplified using the "trnL-trnF e" and "trnL-trnF f " primers [24] . The primers for trnH-psbA spacer are "trnH GUG " [25] and "psbA" [26] . The PCR amplifications were performed in a total volume of 25 μL containing the following components: 1 μL total genomic DNA (10-100 ng), 2.5 μL PCR buffer (with MgCl 2 ), 2 μL dNTP MIX, 0.5 μM of each primer, 0.2 μL rTaq DNA polymerase (Takara Biomedicals, Tokyo), and 18.3 μL of double distilled water (ddH 2 O). The PCR cycle for each region included an initial denaturation at 94°C for 4 min and a final extension at 72°C for 10 min. For the amplification of trnL-trnF or trnH-psbA spacer, 35 cycles were performed with the denaturation at 94°C for 1 min, annealing at 52°C for 30 sec, and the final extension at 72°C for 1 min. PCR products were sequenced with an ABI 377 automated sequencer (Applied Biosystems Inc., Foster City, CA, USA) following the manufacturer's protocols.
The generated sequences were aligned using the CLUSTALW version 1.4 [27] and subsequently manually corrected in BioEdit 7.2.0 [28] . Ambiguously aligned regions were excluded from the analyses. Insertions and deletions (indels) were retained in the alignments. Unambiguous indels were identified and treated with "simple indel coding" method [29] . The apparently inverted fragments detected in trnL-trnF sequence of several samples were replaced with their complement sequences in the data sets. The sequences newly generated in this study have been deposited in GenBank, with the accession numbers listed as follows (in order of voucher, trnLtrnF sequence number, and trnH-psbA sequence number): Dong 3690, KU764769, KU764772; Dong 4016, KU764770, KU764773; and Dong 4046, KU764771, KU764774.
Data analyses.
Separate and combined datasets were analyzed by maximum parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI). Maximum parsimony analyses were performed using PAUP Ã Version 4.0d100 [21] , with the same heuristic searches as running the morphological matrix. Bootstrap support (BS) for each clade was assessed using 1,000 heuristic replicates and TBR branch swapping.
For ML and BI analyses, the best-fitting models of molecular evolution were chosen based on the Akaike Information Criterion (AIC) [30] in jModeltest [31] . Analyses of ML were completed using GARLI v0.951 [32] with 2,000 bootstrap replicates and other settings at their default values. Bayesian analyses were executed in MrBayes 3.2.6 [33] . Four independent runs, each with four chains, were run for one million generations. Trees were sampled every 1,000 generations. Bayesian posterior probabilities (PP) were calculated as the majority consensus of all sampled trees after discarding the trees sampled within the burn-in phase.
Nomenclature
The electronic version of this article in Portable Document Format (PDF) in a work with an ISSN or ISBN will represent a published work according to the International Code of Nomenclature for algae, fungi, and plants, and hence the new names contained in the electronic publication of a PLOS article are effectively published under that Code from the electronic edition alone, so there is no longer any need to provide printed copies.
In addition, new names contained in this work have been submitted to IPNI, from where they will be made available to the Global Names Index. The IPNI LSIDs can be resolved and the associated information viewed through any standard web browser by appending the LSID contained in this publication to the prefix http://ipni.org/. The online version of this work is archived and available from the following digital repositories: PubMed Central and LOCKSS. Rhizome long-creeping, wiry, ca. 1 mm in diameter, dark brown, subglabrous, covered with very few scales; scales hair-like, 2-3-seriate cells at base, ca. 1/2 mm long. Stipes 5-7 mm apart, quadrangular, sulcate adaxially, stramineous, nearly 1 mm in diameter, 2-5 cm long, obviously shorter than the lamina. Lamina (3)5-8 cm long, 2-2.8 cm wide, oblong or linear, simply pinnate, with (4)6-10 pinnules to one side of rachis; rachis similar to the stipe, stramineous, slender, quadrangular, rather deeply sulcate adaxially, bi-angular abaxially. Pinnules firmly herbaceous, dark green when dry, opaque, ascending, forming an anger of ca. 45 degree to the rachis, subtriangular, or obliquely cuneate for upper pinnules, 12-16 × 5-7 mm, acutely cuneate at base, distinctly petiolate, the petioles of pinnules 1-1.5 mm long, subacute at apex, basal pinnules the same size as or a bit larger than the next one above; lower margin of pinnules outward slightly convex, upper margin slightly to strongly convex, outer margin not developed at all, upper margin mostly with 3 rather broad and deep incisions; incisions 1-3 mm deep, the space between two lobes at margin 1-2 mm wide; upper pinnules less strongly reduced, cuneate, the terminal pinnule free, cuneate, 8-12 mm long, 3-5 mm wide at upper part, sessile, bifid at upper margin. Veins not evident, mostly once or twice forked, regularly anastomosing, forming a row of areoles along lower margin of pinnules, the outer veins free. Sori interrupted by incisions, 2-4(7) mm long, the ones on upper pinnules sometimes continuous, 4-9 mm long; receptacles straight or nearly so; indusia greenish, entire or subentire, 0.5-0.6 mm wide, rather strongly reflexed and largely overlapped by sori at maturity, not reaching the margin by the width of indusia. Figs 2 and 3 .
Results
Morphology
So far only known from the type locality, terrestrial in primary evergreen forest, near a stream, rare.
Lindsaea subobscura is morphologically similar to L. obscura and L. modesta. The three species form a small, distinct group in L. sect. Synaphlebium characterized by the combination of simply pinnate fronds, rather slender and long-creeping rhizome, moderately arranged petioles on rhizome (5-7 mm apart), and interrupted sori. Rhizome short-creeping, wiry, ca. 3 mm in diameter, dark brown, covered with copious scales; scales linear or narrow lanceolate, dark castaneous, glossy, mostly spreading, 2-5 seriate, or sometimes to 8-seriate cells at base, 1.5-2 mm long. Stipes 5-6 mm apart, shallowly sulcate adaxially, terete abaxially, stramineous, ca. 3 mm in diameter at base, 26-33 cm long, almost as long as the lamina, with a few scales at base and glabrous above; primary rachis similar to the stipe but more deeply sulcate adaxially; secondary rachis (costa) quadrangular, rather deeply sulcate adaxially, bi-angular abaxially, stramineous. Lamina ca. 30 cm long, 20-30 cm wide, widely ovate, 2-pinnate or sometimes the basal one or two pinnae further branched on the basiscopic side near the base, with 6-7 pinnae to one side of rachis and a conform terminal one; pinnae alternate or the basal one sometimes subopposite, obliquely ascending, 12-18 cm long, 1.5-1.8 cm wide, oblong or linear, widest in the middle, slightly narrowed towards base, gradually and strongly narrowed to the long-acuminate apex. Pinnules 25-30 to a side of costa, obliquely ascending, forming an angle of ca. 60 degree to the rachis, close but hardly continuous, slightly more remotely apart on basal and apical part of costal rachis, firmly herbaceous or chartaceous, dark green when dry, transparent, mostly rhomboid, of equal width from base to apex, truncate at apex, the larger ones 8-9 mm long and 4-5 mm wide, stalks short, up to ca. 1 mm long; basal acroscopic 2-5 pinnules more or less reduced and flabellate; upper pinnules So far only known from the type locality, terrestrial in primary evergreen forest, not common. Lindsaea novoguineensis resembles L. pacifica in many characters, such as scaly and thick rhizomes, the relatively long and stramineous stipe, 2-pinnate lamina, quite a few lateral pinnae, the unreduced and equidistantly arranged lower pinnules, the regularly anastomosing veins, the rhomboid and shallowly incised pinnules, and the marginal and interrupted sori. However, L. novoguineensis differs from the latter mainly in the shape of pinnules (the same width at apex as at base, truncate at apex vs. more or less narrowed toward apex, rounded at apex in L. pacifica) and the soral receptacles distinctly concave on outer and upper margins of pinnules (vs. straight in L. pacifica). Within the scope of New Guinea, L. novoguineensis is somewhat similar to L. obtusa in the dissection of lamina, veins pattern, and the feature of sori, but apparently different from the latter by having more pinnae (6-7 pinnae vs. 1-3 lateral pinnae to one side of rachis in L. obtusa) and its unique shape of pinnules.
Molecular study
The characteristics of the sequences for each analysis (individual trnL-trnF intergenic spacer, trnH-psbA intergenic spacer, and the two combined) are summarized in Table 1 .
Except the position of L. parallelogramma, there is no conflict between the topologies resulting from the analyses of single trnL-trnF, trnH-psbA, or the combined dataset. The analyses based on trnL-trnF resolve L. parallelogramma to be sister to a big clade including most samples (just excluding L. rigida and allied three samples). Whereas in the trees based on trnH-psbA or combined trnL-trnF and trnH-psbA, L. parallelogramma is clustered with L. cultrata group and L. multisora group (Fig 6) . The phylogenetic trees based on the combined dataset (S2 Appendix) are better resolved and better supported than those based on either trnL-trnF or trnH-psbA. The topology inferred from either ML, MP, or BI based on the combined dataset is very similar. We adopt the 50% majority-rule tree (Fig 6) inferred from ML analysis of combined trnL-trnF and trnH-psbA as a base to describe and discuss the relationships within L. sect. Synaphlebium.
The phylogeny of L. sect. Synaphlebium in broad sense (here referring to all in-group taxa) features five well-supported clades (Bayesian PP > 0.99, MLBS and MPBS > 85%): L. rigida clade, L. obtusa clade, L. pulchella clade, L. multisora clade, and L. cultrata clade (Fig 6) . The first split separates L. rigida clade from other four clades, the latter four together with L. parallelogramma forming a well-supported clade (Bayesian PP = 1.0, MLBS = 98%, and MPBS = 97%). In the large, well-supported clade, the L. obtusa clade is strongly supported sister to the remaining species. Subsequently, L. pulchella clade is weakly supported sister to the clade comprising L. multisora clade, L. cultrata clade, and L. parallelogramma. The sister relationship between L. multisora clade and L. cultrata clade is similarly weakly supported.
The L. rigida clade comprises three species (L. rigida, L. diplosora Alderw., and L. monocarpa Rosenst.) and a sample with its identity unknown (L. sp. 2), all from Malesia (including New Guinea) [17] . The three species clustered here are all epiphytic and have 2-pinnate fronds and long-creeping rhizomes. They are not species in L. sect. Synaphlebium sensu Kramer but belong to L. sect. Lindsaenium which is different from the former by the epiphytic habit [5, 7] . The next diverging clade, L. obtusa clade, consists of five species mainly from New Guinea and Pacific islands (Solomon, Fiji, east to Society Islands). Lindsaea obtusa represented by three samples is well resolved to be sister to the remainder (L. azurea Christ, L. novoguineensis, L. pacifica, and L. propinqua Hook.). The new species, L. novoguineensis, is strongly suggested to be sister to L. azurea; the latter is distinctly different from the former in having continuous sori. The two Malesian species form a clade sister to two Melanesian species (L. pacifica and L. propinqua). The five species in L. obtusa clade are typical members in L. sect. Synaphlebium sensu Kramer. They are all terrestrial species with 2-pinnate laminae and short-creeping rhizomes. In morphology they are very similar to some species (e.g., L. harveyi Carruth. ex Seem., Fig 1) in L. cultrata clade where the majority of L. sect. Synaphlebium is clustered. Although there is hardly any difference between the two clades in morphology, molecular data clearly suggested the clade L. obtusa represents a separate lineage from the majority of L. sect. Synaphlebium sensu Kramer (L. cultrata clade).
The next diverging lineage is L. pulchella clade, which consists of nine species mainly from the Pacific Islands (Solomon, Fiji, Samoa, etc.). The new species, L. subobscura, which is supposed to be a member in L. sect. Synaphlebium based on the terrestrial habit and anastomosing veins, is unexpectedly resolved with high support values in this clade. Except for L. subobscura, other eight species are all members of L. sect. penna-arborea featured by the epiphytic habit. Lindsaea subobscura is well resolved to be sister to L. blanda, an epiphytic species with free veins. Except for the different habit (terrestrial), L. subobscura is similar to other species in L. pulchella clade in the simply pinnate lamina and long-creeping rhizomes.
The L. multisora clade consists of four species mainly from Malesia (including New Guinea). This is a small natural group recognized by Kramer [2, 7] as L. sect. Temnolindsaea. The synapomorphic characters for this clade include the terrestrial habit, 2-pinnate lamina, free veins, and interrupted sori. The hypothesis that L. sect. Temnolindsaea is closely related to L. sect. Synaphlebium [7] is here supported by molecular data as sect. Temnolindsaea and sect. Synaphlebium (excluding L. obtusa and allied species) are resolved as sisters. The main difference between L. multisora clade and its sister, L. cultrata clade, is the venation pattern, where veins are free in the L. multisora clade but anastomosing in the L. cultrata clade.
The L. cultrata clade is composed of nine species mainly from SE Asia (including Ceylon, S India, Indochina, S China, and Malesia). All these species are members of L. sect. Synaphlebium sensu Kramer characterized by the terrestrial habit, dimidiate pinnules, and anastomosing veins. The internal relationships of this clade are not well resolved. The position of L. parallelogramma is different on the topology based on single trnL-trnF sequence when compared with the topology based on single trnH-psbA or the combined two sequences; in each case the topological position of the species is poorly supported. We have tried the analyses of a reduced 15-taxa dataset which includes combined five DNA regions (rpoC1, rps4, trnL-trnF, rps4-trnS, and trnH-psbA) for 14 accessions and combined four regions (lacking rpoC1) for L. parallelogramma. All these sequences are from GenBank provided by Lehtonen et al. [17] . The analyses resolve L. parallelogramma within the L. cultrata clade. Lindsaea parallelogramma alone forms a clade sister to the remainder species in L. cultrata clade (not shown in this paper). The position of L. parallelogramma within L. cultrata clade is also supported by the morphological similarity as L. parallelogramma is a member in traditional L. sect. Synaphlebium Kramer [7] .
Discussion
The difference of topology between the present and a previous study
The phylogeny of L. sect. Synaphlebium sensu lato carried out in this study is mostly in accordance with the topology within the clade VI in Lehtonen et al. [17] where the authors used more markers (but with missing data) and drastically different analytical methods. The major differences involve the position of L. obtusa and that of L. longifolia. The species L. obtusa was clustered, with low support, within a clade comprising L. multisora group and L. cultrata group in the study of Lehtonen et al. [17] , but is well supported sister to L. pacifica and allied species (L. azurea, L. novoguineensis, and L. propinqua) in a separate L. obtusa clade in this study (Fig  6) . On the other hand, L. longifolia was resolved within the weakly supported L. multisora clade in Lehtonen et al. [17] , but is strongly suggested to be a member in the well supported L. cultrata clade in this study. Our result on the position of L. longifolia in L. cultrata group is coincident with the position suggested by morphological evidence because L. longifolia is one member in L. sect. Synaphlebium characterized by the terrestrial habit, anastomosing veins, and dimidiate pinnule [7] . The close affinity of L. obtusa to L. pacifica is also readily interpreted by their morphological similarity.
The molecular data lending support to the establishment of the new species L. novoguineensis
The analyses of the morphological characters show that the new species L. novoguineensis is most similar to L. pacifica (Fig 1) , a species in Melanesia and Polynesia [6] . Compared with sympatric species in Malesia, as we have mentioned above, L. novoguineensis is most similar to L. obtusa. Our analyses of molecular data generally support the close affinity of L. novoguineensis to L. pacifica and L. obtusa, as the three species are resolved in a well-supported clade (L. obtusa clade, Fig 6) . Unexpectedly, the closest species to L. novoguineensis is strongly suggested to be L. azurea by molecular data; the latter was also recorded in New Guinea [7] but distinctly differs in having continuous sori (vs. interrupted in L. novoguineensis) and 2-4 pairs of lateral pinnae (vs. 6-7 in L. novoguineensis). The evidence from molecular phylogeny and morphology supports the distinctness of L. novoguineensis among the other species of Lindsaea.
The phylogenetic position of the new species L. subobscura and its systematic implications
The new species L. subobscura is supposed to be a member in L. sect. Synaphlebium sensu stricto on the ground that the species possesses the diagnostic features for the section, such as the terrestrial habit, fronds with dimidiate pinnules, and anastomosing veins [5, 7] . Whereas,
The recognition and subdivision of L. sect. Synaphlebium in the broad sense
To morphologically recognize a species in or not in L. sect. Synaphlebium s. l. suggested by molecular data is really a challenge in taxonomy. As far as we know, the species now supported by molecular evidence in the monophyletic L. sect. Synaphlebium were grouped into four different sections by Kramer [2, 5, 7] : L. sect. Synaphlebium, L. sect. Penna-arborea, L. sect. Temnolindsaea, and L. sect. Lindsaenium. Except for the two features, i.e., dimidiate pinnules and trilete spores, other characters are all variable for the monophyletic L. sect. Synaphlebium. So it is hardly feasible to clearly define L. sect. Synaphlebium s. l. using a few characters. However, the characters to circumscribe the traditional four sections by Kramer could be used to recognize species of L. sect. Synaphlebium s. l., which are concluded here as: all species having dimidiate pinnules and trilete spores, in addition, 1) terrestrial habit and anastomosing veins; or 2) terrestrial habit, free veins, bipinnate lamina, and interrupted sori; or 3) epiphytic habit, filiform (mostly less than 1 mm thick) and deciduously scaly rhizome, and simply pinnate lamina; or 4) epiphytic habit, 1-2 mm or more thick rhizome, scales that are persistent on rhizomes, bipinnate lamina, and interrupted sori.
As molecular analyses reveal five lineages in L. sect. Synaphlebium s. l., it is reasonable to accept five groups within the monophyletic section, i.e., L. rigida group, L. obtusa group, L. pulchra group, L. multisora group, and L. cultrata group. It seems impossible to clearly delimitate each group and sharply distinguish them in morphology. However, we can detect divergence between the five groups in morphology, habit (terrestrial or epiphytic), and geographical distribution. For each group the main features in morphology and in ecology, the distribution center, and the known species are summarized in Table 2 and are briefly shown in Fig 6. A total of 47 species are recognized in L. sect. Synaphlebium s. l., of which 16 (labelled with asterisks in Table 2 ) have not been included in any molecular analyses due to lack of appropriate materials. The positions of the 16 unsampled species are inferred based on data from morphology, habit, and phytogeography. Further molecular studies are needed to confirm the systematic positions of the 16 species. first author (Dong) is grateful for his kindness in arranging the collecting trip to Papua New Guinea. Our thanks also go to the anonymous reviewers who gave lots of comments to improve the manuscript.
Supporting Information
Author Contributions
Conceptualization: SYD.
Data curation: ZYZ.
Formal analysis: SYD ZYZ YSC.
Funding acquisition: SYD.
Investigation: SYD KD BS.
Methodology: ZYZ.
Project administration: SYD.
Software: ZYZ.
Validation: ZYZ YSC.
Visualization: SYD ZYZ.
Writing -original draft: SYD.
Writing -review & editing: SYD.
